Abstract. microRNA-30c (miR-30c) is a member of the miR-30s family, which is known to serve important roles in the occurrence and development of numerous tumor types. Our previous microarray analysis of extracted RNA from tissue samples was conducted to examine the expression of miR-30c and predict miR-30c target genes. In the present study, it was determined that the expression of miR-30c was differentially expressed in 82 paired gastric cancer (GC) and paracancerous tissues. Cellular expression of miR-30c in two GC cell lines MKN-45, MKN-74 and one non-cancer cell line GES-1 was modified using the miR-30c-mimic and miR-30c-inhibitor reagents, in a series of transfection experiments. Following transfection of cancer and non-cancer cell lines with the miR-30c-mimic, cell proliferation and apoptosis rates were increased. Compared with the NC group, MKN-74 cell proliferation was significantly inhibited (P<0.05) following transfection with the miR-30c-mimic at 48 and 24 h, GES-1 was significantly inhibited (P<0.05) at 24 and 48 h, and apoptosis was significantly reduced in transfected MKN-74 cells (P<0.05). The clinicopathological data and the expression of BCL-9 and miR-30c in patients with GC were used to identify associations. The expression levels of miR-30c were associated with age. Western blot analysis demonstrated that the BCL-9 expression levels in MKN-74 cells were higher following transfection with the miR-30c-mimic, and were lower following transfection with the miR-30c-inhibitor, both compared with the negative control group. It was concluded that compared with the negative control group, the expression of miR-30c was low in GC tissues and may be involved in GC development via regulation of proliferation, apoptosis and the cell cycle.
Introduction
Gastric cancer (GC) is a common malignancy of the gastrointestinal tract, and it is the second most frequent cause of cancer mortality globally (1, 2) . According to global statistics, >8,000,000 novel cases of GC are diagnosed annually, and GC mortalities account for 9% of the total number of cancer-associated mortalities worldwide (3) . The etiology of the disease is complicated, and the pathogenesis of GC remains unclear. microRNAs (miRNAs) are a class of endogenous, non-coding, single stranded small RNAs, consisting of ~20-24 nucleotides that serve key roles in the regulation of gene expression (4) . In the context of GC, the actions of specific miRNAs influence cell proliferation and differentiation, apoptosis, signal transduction, inflammation and tumor progression (5) (6) (7) (8) (9) (10) (11) (12) (13) . miR-30c is a member of the miR-30s family, which is known to serve an important role in the occurrence and development of numerous tumor types, including breast cancer, endometrial cancer, lung cancer, colon cancer and liver cancer (14) (15) (16) (17) (18) . It is considered to be a tumor suppressor miRNA, with a role in inhibiting cancer cell proliferation, invasion and migration (14, 18) . It can also be used to predict the efficacy and prognosis of drugs for the treatment of cancer (19) (20) (21) . In a preliminary study, the expression of 1,146 miRNAs in GC and distal tissues was investigated using miRNA microarray technology (22) . The differential expression of miR-30c in 82 paired GC and paracancerous tissues was detected and the probable mechanisms of action and the potential clinical applications of miR-30c-based interventions were discussed. (22) . The tissue samples were obtained during surgery, immediately washed in saline and cut into 0.3 cm 2 blocks prior to being loaded into labelled tubes and rapidly frozen in liquid nitrogen, to prevent the degradation of RNA. The Tumor-Node-Metastasis staging system used was the 2013 National Cancer Institute Cancer staging system (23).
Materials and methods

Human
Microarray analysis. Total RNA was extracted from the tissue samples using the mirVana RNA Isolation kit (Ambion; Thermo Fisher Scientific, Inc., Waltham, MA, USA) for miRNA gene microarray analysis (LuxScan image analysis system; version 3.0; Beijing Skoll Biotechnology Co., Beijing, China). The miRNA gene expression microarray analysis was performed using a type Human V2 MicroRNA Expression chip Profiling kit linked with a BeadChip scanning instrument (Illumina, Inc., San Diego, CA, USA). BeadChip Images were processed and analyzed using the iScan System for the BeadArray Reader Illumina (Illumina, Inc.) as described in a previous study (22) .
Culture of cell lines.
A total of three cell lines were obtained from the Clinical Research Center of The Affiliated Hospital of Inner Mongolia Medical University, including: Poorly differentiated GC cell line MKN-45; highly differentiated cells MKN-74; and immortalized, non-tumorigenic human gastric epithelial cell line GES-1 (24) (25) (26) . These three cell lines were cultured in RPMI-1640 supplemented with 10% fetal bovine serum, 100 µg/ml streptomycin and 100 U/ml penicillin (all obtained from Gibco; Thermo Fisher Scientific, Inc.). Cultures were maintained at 37˚C in an atmosphere containing 5% CO 2 .
Cell transfection using Lipofectamine ® 2000. A total of four experimental groups were defined: A mimic miR-30c group; a transfected negative control (NC) group; a transfected inhibitor miR-30c group; and MOCK group (non-transfected cell). To alter the expression of miR-30c in vivo, 1x10 5 MKN-45, MKN-74 and GES-1 cells were plated in 96-well plates following culturing with Opti-MEM I reduced-serum medium (Gibco; Thermo Fisher Scientific, Inc.) for 12 h, at 37˚C in an atmosphere containing 5% CO 2 , according to the manufacturer's protocols. Lipofectamine 2000 Transfection Reagent (Invitrogen; Thermo Fisher Scientific, Inc.) was added, along with 50 nM miR-30c mimic (3'-ACA UUU GUA GGA UGU GAG AGU CG-5'), 50 nM miRNA NC (3'-AAA CAU GAU GUG UUU UCA UGAC-5') or 100 nM miR-30c-inhibitor (5'-GCU GAG AGU GUA GGA UGU UUA CA-3') (all from RiboBio Co., Ltd., Guangzhou, China). Following transfection for 48 h, cells were collected.
MTT assay to assess cell viability. A 20 µl aliquot of MTT solution (5 mg/ml) was added to each well of the 96-well plates containing the cultured transfected cells, and the plates were incubated for 4 h, at 37˚C in an atmosphere containing 5% CO 2 , The supernatant from each well was then carefully extracted, and 150 µl dimethyl sulfoxide was added to each well prior to shaking for 10 min to dissolve the formazan crystals. The absorbance value (optical density value) of each well was then measured at a wavelength of 570 nm.
Cell separation by flow cytometry. Single cell suspensions were prepared from the tissue samples by centrifugation for 5 min at 168 x g at room temperature, followed by removal of the supernatant and washing with Dulbecco's PBS (DPBS, Gibco; Thermo Fisher Scientific, Inc.) twice prior to the collection of 5x10 5 cells. A 5 µl aliquot of Annexin V-FITC (Annexin V-FITC Apoptosis Detection Kit, gtx85591; GeneTex, Inc., Irvine, CA, USA) was then added along with 20 µl propidium iodide. The solution was mixed and allowed to react at room temperature in the dark for 15 min prior to being subjected to analysis using with a flow cytometer using Flow Cytometry Modeling software 4.0 (BD Accuri C6; BD Biosciences, Franklin Lakes, NJ, USA) in order to observe and analyze the changes in cell apoptosis and the cell cycle.
Total RNA extraction and identification of RNA concentration and purity. Total RNA was extracted with TRIzol ® (Life Technologies; Thermo Fisher Scientific, Inc.), Ethanol absolute, Isopropyl alcohol, Chloroform (Tianjin Beilian fine Chemicals Development Co., Ltd., Tianjin, China ) in accordance with the manufacturer's protocol for the extraction of tissues and cells. RNase-free ddH 2 O (Tiangen Biotech Co., Ltd., Beijing, China) was used to dilute the extracted RNA to 60 µl, and a 2 µl sample of the dissolved RNA was added to the NanoDrop 2000c spectrophotometer (Thermo Fisher Scientific, Inc.) to assess the quality of the RNA. Detection of RNA was performed using the ratio of absorbance at the 260 and 280 nm wavelengths. A ratio of 1.8-2.0 RNA indicated high purity. A total of 4 µl RNA was prepared for electrophoresis in a 2% agarose gel, with the voltage set at 120 V for 25 min. Data were analyzed using Bio-Capt software 10.0 (Bio Capt Express, Vilber Lourmat, France).
cDNA synthesis and reverse transcription-quantitative polymerase chain reaction (RT-qPCR). First-strand cDNA was synthesized in accordance with the protocols of the miRcute miRNA cDNA First-Strand Synthesis Kit (KR201, Tiangen Biotech Co., Ltd., Beijing, China). Using hsa-U6 (CD201-0145; Tiangen Biotech Co., Ltd.) as a reference gene, hsa-miR-30c-5p (CD201-0338; Tiangen Biotech Co., Ltd.) was amplified, and the amplification products were detected via RT-qPCR using an Applied Biosystems 7500 Real-time PCR System (Applied Biosystems; Thermo Fisher Scientific, Inc.). This produced a cDNA amplification curve in which the dissolution curves exhibited no impurity peaks, indicating non-specific amplification. Following an initial template deformation step at 94˚C for 2 min, template degeneration was achieved at 94˚C for 20 sec, followed by annealing and elongation at 60˚C for 34 sec. This was repeated for a total of 40 cycles. Experiments were carried out in triplicate wells and were repeated three times. The relative expression was measured using the 2 -ΔΔCq method (27) .
Immunohistochemistry. The GC tissue samples were fixed with 4% Paraformaldehyde Fix Solution (P0099; Beyotime Institute of Biotechnology, Haimen, China) for 24 h at room temperature, were embedded in paraffin, sliced into 4 µm thick sections and subjected to immunohistochemistry. PBS was used as a NC, and BCL-9 positive GC tissue sections were used as a positive control. BCL-9 protein (cat no. ab37305; Abcam, Cambridge, UK) expression was detected immunohistochemically using a 1:1,000 DPBS dilution followed by incubation overnight at 4˚C. Samples were then washed in PBS 3 times, followed by incubation with goat anti-mouse, rabbit IgG polymer (MaxVision™ kit; Fuzhou Maixin Biotech Co., Ltd., Fuzhou, China) and DAB stain (Fuzhou Maixin Biotech Co., Ltd.) in accordance with the manufacturer's protocols. BCL-9 positive expression was visible as yellow or brown particles, and was predominantly located in the nucleus, with limited expression in the cytoplasm. The results were observed with a light microscope (magnification, x40, x100, x400), CellSens Standard 1.11 software (CX41; Olympus Corporation, Tokyo, Japan) used for image capture and classified by an expert clinical pathologist (from the Affiliated Hospital of Inner Mongolia Medical University, Hohhot, China) according to the following: The score of staining degree (Point1) x the percentage of stained cells (Point2). A final score of 0~3 was designated as negative expression, >4 as positive expression. The rating criteria are defined in Table I .
Western blot analysis. The MKN-74, GES-1 cells were lysed using RIPA-phenylmethane sulfonyl fluoride (Beyotime Institute of Biotechnology) and the total protein was extracted. A bicinchoninic acid assay was used for protein quantitation. A total of 10 µg protein/lane was separated using 8/5% separation/stacking gel and transferred to polyvinylidene fluoride membranes under conditions of a 300 mA constant current and a 2 h time. Nitrocellulose membranes with a pore size of 0.45 µm were used. The membrane was incubated with a primary antibody against BCL9 (1:500 with 5% BSA blocking buffer in a 1X TBS with 0.1% Tween-20 solution); cat. no. ab37305; Abcam, Cambridge, UK) overnight at 4˚C. Membranes were blocked with 5% skim milk in TBST and incubated with horseradish peroxidase-conjugated goat anti-rabbit IgG H&L (1:10,000 in TBST; cat. no. ab6217; Abcam) for 40 min at room temperature. Membranes were then washed six times in TBST for 3 min each time. The bands were visualized by using an ECL western blot kit (Kangwei Biotech Co., Ltd., Beijing, China). The images were captured a ChemiDoc™ CRS and Molecular Imager (Bio-Rad Laboratories, Inc., Hercules, CA, USA). GAPDH (cat. no. ab128915; 1:20,000; Abcam) was used as the control gene.
Statistical analysis. All data were analyzed using SPSS 13.0 statistical software (SPSS, Inc., Chicago, IL, USA). The data are described as the mean ± standard deviation. RT-qPCR results were analyzed using the Wilcoxon's rank sum test for paired samples. MTT and flow cytometry results were analyzed by one-way analysis of variance. Clinical pathological data and miR-30c expression data were analyzed using a paired t-test for independent samples, and immunohistochemical results were analyzed using the χ 2 test. The Kaplan-Meier analysis was conducted with the log-rank (Mantel-Cox) test was used to evaluate the effect of miR-30c and BCL-9 expression levels on the survival time of patients with GC following surgery. P<0.05 was considered to indicate a statistically significant difference.
Results
Expression of miR-30c is significantly decreased in gastric CTs, compared with paired paracancerous tissues (PLTs).
The miRNA microarray results demonstrated that the expression levels of 11 miRNAs in gastric CTs were reduced by >2 times the level of their expression in the associated distal tissues. Of the suppressed miRNAs, the most significantly downregulated was hsa-miR-30c, whose expression level was 8.36 times lower than that in the associated distal tissues (P<0.05). Subsequently, a total of 82 paired gastric CTs and PLTs were selected for RT-qPCR analysis in order to verify the results obtained from the microarray analysis. The PCR results demonstrated that the median expression level of miR-30c in the gastric CTs samples was 0.21, whilst the median expression level in the PLTs was 0.42. Analysis of the expression level of gastric CTs and PLTs data by the Wilcoxon's rank sum test for paired samples demonstrated that the expression levels of miR-30c in gastric CTs and PLTs were significantly different (P<0.001; Fig. 1 ). These results support the data of the microarray analysis, which means that the expression of miR-30c in gastric CTs is significantly lower, compared with the PLTs.
Following transfection with miR-30c-mimic, the expression of miR-30c is altered. Using Lipofectamine 2000 transfection reagent and micrON miRNA small molecular products, in accordance with the manufacturers' protocols, the 50 nM miR-30c mimic, miRNA NC and 100 nM miR-30c-inhibitor were transferred into MKN-45, MKN-74 and GES-1 cell lines and analyzed against the blank control. After 48 h, the cells were collected, total RNA was extracted, and the expression levels of miR-30c were detected via RT-qPCR. The results demonstrated that the expression of miR-30c had been altered in the mimic miR-30c and inhibitor miR- the result is that transfection may cause other intracellular reactions that contribute to the observed results (Fig. 2) .
Overexpression of miR-30c significantly inhibits the proliferation of GC cells. The effect of overexpression and low expression of miR-30c was further investigated using MTT in the three cell lines. Cell survival experiments demonstrated that MKN-74 cell proliferation was significantly inhibited (P<0.05) following transfection with the miR-30c-mimic at 48 and 24 h, and GES-1 proliferation was significantly inhibited (P<0.05) at 24 and 48 h, compared with the NC group; however, at 24, 48 and 72 h, the inhibition difference was not significant in MKN-45 cells (P>0.05), compared with the NC group,. Following transfection with the miR-30c-inhibitor for 24 h, the proliferation ability of three cell lines were all significantly enhanced (P<0.05), compared with the NC group (Fig. 3) .
Overexpression of miR-30c affects the rate of apoptosis in GC cells. There was no difference in the rate of apoptosis in MKN-45 cells transfected with the miR-30c-mimic, compared with the NC group (P>0.05); however, apoptosis was significantly reduced in similarly transfected MKN-74 cells and significantly increased in the miR-30c-mimic-transfected GES-1 cells compared with the NC group (P<0.05). Compared with the NC group, the apoptosis rates of the MKN-74 cells and GES-1 cells decreased following transfection with the miR-30c-inhibitor (P>0.05). Further comparison demonstrated that the apoptosis rates in the MKN-74 and GES-1 cell lines were significantly higher in the miR-30c-mimic group, compared with the miR-30c-inhibitor group (P<0.05; Fig. 4A and C-a) . 
Upregulation of miR-30c increases the expression of the anti-apoptotic protein BCL-9 in GC cells.
Western blot analysis demonstrated that following transfection of MKN-74 cells with the miR-30c-mimic, the expression of BCL-9 increased, whilst following transfection with the miR-30c-inhibitor, the expression decreased, compared with the NC group. In GES-1 cells, transfection with the miR-30c-mimic resulted in a reduced expression of BCL-9, compared with the NC group, and transfection with the miR-30c-inhibitor increased the expression of BCL-9, compared with the NC group (Fig. 5E) .
Comparison of miR-30c expression in patients with GC with different clinical and pathological features.
It was determined that there were no significant associations between the levels of expression of miR-30c and patient sex, tumor size, degree of tumor differentiation, depth of tumor infiltration into the lymph vessels or presence of distant metastases; however, the expression levels of miR-30c were associated with patient age. In patients >60 years of age, the relative expression levels were significantly higher, compared with <60 years old (0.78±0.80 vs. 0.44±0.34; P<0.05; Table II ). Tumor-Node-Metastasis staging system used the 2013 National Cancer Institute Cancer staging system (23).
Immunohistochemical analysis of BCL-9 protein expression in miR-30c target genes.
The immunohistochemical analysis results demonstrated that BCL-9 was predominantly expressed in the nucleus and cytoplasm of cells. The positive expression rate of BCL-9 in GC tissue samples from 78 patients was 52.56%. Following a comparison of BCL-9 expression in patients with GC with different clinical and pathological features, no significant differences were determined in expression with patient sex, age or any of the clinical parameters measured (P>0.05; Table III; Fig. 5A-D) .
Expression of miR-30c and BCL-9 in gastric carcinoma
tissues. In the present study, following transfection, an association between miR-30c and BCL-9 protein was not observed; therefore, the association between the expression of miR-30c and BCL-9 in patients with GC was further examined. The χ 2 test (Fig. 6 ) and log-rank test (Fig. 7) were used to evaluate the effect of miR-30c and BCL-9 expression levels on the survival time of patients with GC following surgery. It was determined that although the low expression of miR-30c and/or high expression of BCL-9 affected the survival time of patients with GC, there was no statistical significance.
Discussion
miRNAs can affect the occurrence and development of tumors via their interactions with target genes. The targets of miRNAs are candidate oncogenes or tumor suppressor genes. If the expression level of miRNA is higher than normal, this means that its inhibitory effect on the target oncogenes or tumor suppressor genes is enhanced, resulting in reduced levels of the proteins that these genes encode; thus, miRNAs may serve a role in tumor suppression or cancer promotion (4) . If the expression level of a miRNA is lower than normal, its inhibitory effect on the target oncogenes or tumor suppressor genes is weakened, resulting in increased production of the encoded proteins and, again, tumorigenesis or suppression (5,6); thus, in GC, miRNAs serve a key role in the regulation of genes that prevent cancer development and those that promote cancer development.
Using miRNA microarray technology, previous studies have determined that out of 1,146 miRNAs in gastric CTs and PLTs, the expression of miR-30c was decreased. It has been demonstrated that miR-30c acts as a tumor suppressor gene in prostate cancer cells by inhibiting proliferation, migration, invasion and metastasis (22, 28) . The same studies further demonstrated the involvement of miR-30c in prostate cancer progression and indicated its potential role as an independent predictor of biochemical recurrence-free survival. Other studies reported miR-30c to be involved in the inhibition of the self-renewal capacity of breast tumor-initiating cells via reducing the expression of the ubiquitin carrier protein 9. This induces cellular senescence via the regulation of B-Myb and promotes an invasive phenotype via reducing the epithelial-to-mesenchymal transition (29) (30) (31) .
The WNT signaling pathway is a highly conserved, tightly regulated, receptor-mediated signal transduction system that controls the cellular pathway of animal development (32) . It serves an important role in maintaining tissue homeostasis, the abnormal balance of which can cause cancer, in which β-catenin has a critical role (32) (33) (34) . BCL-9 is a cancer gene located in the WNT pathway that was initially identified in B-cell acute lymphoblastic leukemia (35) . BCL-9 abnormal expression has been described in a number of different human tumor tissues, including colorectal cancer, breast cancer, acute lymphoblastic leukemia and multiple myeloma (36, 37) . BCL-9 is overexpressed in a variety of malignancies and, as a component of the aberrantly activated WNT signaling pathway, promotes proliferation, migration, invasion and metastasis of tumor cells (36) (37) (38) (39) . Previous studies have identified BCL-9 as a direct target of miR-30c in a number of cancer types (39) (40) (41) ; however, to the best of our knowledge, a functional association between miR-30c and BCL-9 has not previously been described in GC, and the association of miR-30c and BCL-9 expression with clinicopathological features of GC has not been investigated. By using immunohistochemical methods, the expression of BCL-9 in GC tissues was examined. The results demonstrated that BCL-9 was predominantly expressed in the nucleus and cytoplasm of cells. BCL-9 was positively expressed in 52.56% of patients and was highly expressed in female patients aged >60 years, although this was not statistically significant.
In the present study, gastric CTs and PLTs in 82 patients with GC were used to verify the clinical stage of GC and measured the expression level of miR-30c. The results of the gene microarray analysis, when combined with the existing literature, indicated that BCL-9 is a target gene of miR-30c. Following this, the interaction between miR-30c and BCL-9 was further examined. Finally, the association between differential expression of miR-30c and BCL-9 in gastric CTs samples, and certain clinical and pathological variables was investigated. Differences in the expression of miR-30c were determined to be associated with the age of the patients. No associations between the expression of BCL-9 and clinical and pathological variables were determined. In the survival Table III . BCL-9 expression and clinicopathological features. analysis, it was determined that, regardless of how they were grouped, the expression of miR-30c and BCL-9 in tissues did have not a statistically significant effect on patient survival time.
Analysis of the effect of miR-30c expression on the cell cycle demonstrated that increased expression of miR-30c in the MKN-45 cell line arrested cells in the G 0 /G 1 phase; however, in the MKN-74 and GES-1 cell lines, reduced expression of miR-30c arrested cells in the G 0 /G 1 phase. Immunohistochemical analysis of GC tissue samples from 82 cases demonstrated that the expression of miR-30c was decreased in GCs compared with PLTs. Furthermore, it was determined that transfection of cells with miR-30c increased the expression of miR-30c, reduced cell proliferation and apoptosis and altered the cell cycle, indicating that miR-30c has a tumor suppressor role. According to the subsequent experimental testing, it was determined that the expression of BCL-9 and miR-30c was low in gastric CTs, compared with PLTs and that when transfection was used to increase cellular expression of miR-30c, BCL-9 expression also increased in MKN-74 cells.
Although other studies have demonstrated that the expression levels of miR-30c and BCL-9 are correlated (41, 42) , the present study investigated in detail the expression of BCL-9 in cancer cell lines and how it is positively associated with the expression of miR-30c; however, the present study also demonstrated a different association in normal gastric mucosa GES-1 and GC MKN-74 cells. It was demonstrated that the BCL-9 expression of GES-1 cells decreased with increased expression of miR-30c, and increased with a decrease in miR-30c expression; however, the results of the MKN-74 cells were the opposite. This indicated that regulation of the miR-30c network is complex and miR-30c may a serve role in different cell regulation mechanisms that warrant further investigation. In GC, it was speculated that the complex association between miR-30c and BCL-9 may also be associated with other relatives of miR-30c, such as miR-30c-1-3p, miR-30c-2-3p and miR-30c-5p; therefore, the association between three relatives of miR-30c and BCL-9 and how they association with each other in the patient samples will be further studied. In addition, the number of gastric cell lines will be increased to investigate the mechanism underlying miR-30c in GC cells with different differentiations.
Our data indicated that miR-30c may have clinical value in the future diagnosis of GC. There is a definite association of miR-30c with GC, as well as with certain clinical pathological features. miR-30c may influence the development and metastasis of GC via a variety of roles and may be determined as a significant biological marker that could be used in the diagnosis, treatment and prognostic evaluation of GC.
To conclude, miR-30c exhibits low expression in gastric CTs, and low expression of miR-30c and/or high expression of BCL-9 may affect the survival time of patients with GC. miR-30c may affect the occurrence and development of GC via regulating cell proliferation, apoptosis and the cell cycle. The regulatory association between miR-30c and its target gene BCL-9 is different in GC cell lines with varying differentiation, which may be caused by multiple factors. The specific mechanisms of action require further study prior to this biological marker being used in GC interventions.
